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TOPICS

* Natural radioactivity

* Human activities

+ Nuclear weapons tests
+ Chernobyl accident
+ Goidnia accident




Environmental Radioactivity - Sources

* Natural Radiation
- natural radionuclides
- cosmic radiation

* Man-made radionuclides
- environmental contamination from
* nuclear weapons tests (global)
* major nuclear accidents (regional)
* radiological accidents (/ocal)




Modes of exposure

External exposur'e
+ penetating radiations
* gamma rays
- cosmic radiation

= Internal exposure
+ inhalation
+ ingestion
+ skin contamination




Natural radionuclides

= Terrestrial long-lived radionuclides

* nonseries: K-40
* series: U-238+, Th-232+, U-235+

* Cosmogenic radionuclides
* tritium (H-3), radiocarbon (C-14)



Primordial (terrestrial) radionuclides

K-40 1.26 6 beta, gamma
Th-232+ 14 6 alpha, beta, gamma
U-238+ 4.47 G

(Rn-222+) (3.83 d) alpha, beta, gamma

U-235+ 0.704 6 alpha, beta, gamma




The uranium-238 decay chain

Atormic number
2 H3 H4 2|3 HE a7 HH H =] =N 02

Only main decays shown
Qarmrma-emitters not marked

Inhalation!

 — . — . —
Elernent names: Time units of
Bi = bismuth half lives:
Fa = protactinium = = seconds
Fh = lead M = minutes
Fo = polonium h = hours
Ra = radium d = days
Frn = radon a = wyears
Th = thorium

Il = uranium




Uranium 1s the
source for Radon
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Cosmogenic radionuclides

Radionuclide T1/2 (years) | Decay mode
) ! pure beta
Tritium (H-3) 12.3 (max. 18.6 keV, av. 5.9 keV)
. pure beta
-1
Radiocarbon (C-14) 5730 (max. 156 keV, av. 50 keV)

Internal exposure only!
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Cosmic radiation
Victor Hess (1912)

Victor Hess before his 1912 balloon flight
in Austria, during which he discovered
cosmic rays
Van Allen 1947 (Geiger-Mueller na raketi V-2)
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Flight Ljubljana - Copenhagen
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Radiation exposure in aircraft

* height above sea level

- pole > equator

Europe - USA ~ 40 uSv



Exposure to natural radiation (UNSCEAR 2000)

Annual effective dose (mSv)

Cosmic radiation 0.39 0.3-1.0
rE‘:;'iear;ri\g:‘ terrestrial 0.48 03-0.6
Inhalation (Rn-222+) 1.26 0.2-10
Ingestion 0.29 0.2-0.8
Total 2.4 1-10




Dose rate (nGy/h)
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High radiation areas

(external dose from natural nuclides: mSv/year)

Norway 0.63 {10.5)

Yangjiang (China}

351 (6. 4) (B -
Guarapari (Brazil):
5.5 (33?)

Ramsar ran
10.2 (260)

E{.i_' '

( ) maximum value

Average external dose: 0.87 mSv/year
Natural nuclides: 0.48 mSv/y
Cosmic radiation: 0.39 mSv/y




Nuclear weapons

TRINITY 16.7.1945
2053 weapons tests - 510 Mt
530 atmospheric tests

Hiroshima 15 kt (6.8.1945)
Nagasaki 20 kt (9.8.1945)

Hiroshima

Nagasaki
Tokyo

......



LOCATIONS of NUCLEAR WEAPONS TEST SITES
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Nuclear test explosions
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Radionuclides from nuclear weapons tests

Radionuclide |T,,, Radiations Target organ
I-131 8.04 d beta, gamma | thyroid
Sr-90 29 y beta bone

Cs-137 30y beta, gamma |whole body




15 Mt

THERMONUCLEAR Test BRAVO
Bikini 1954,




Test BRAVO
Fall-out exposures in 96 h
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Test explosions: Cs-137 in body (USA)
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C-14 in air

"“C in atmospheric CO,
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Former Chernobyl reactors
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Contamination map
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"Red forest"

byAndriy Arkhypov




Chernobyl exclusion zone
(National Geographic, April 2006)




Incidence of thyroid cancer in children

= g
8 1 N > 4000
o 7. —+— Belarus O deaths
= —m— Ukraine //\
E ] —
E =
@
c
ﬁ ||
g A
= ._.Jlnn.f

1086 1088 19490 19492 19494 1996 10498 2000 2002
Years




B above 1000

B.O0 — 10.0D
.00 — a0
Lan — 200
Time: 880426800 GMT 0.50 — 1.00
0.0 — 050
Units Bq/m” 001 — B.1D
0.00 — 0.0

[ Below 0.on

e
T i R R
; 3 -7 ey g =TT
o, A E T e N T
= T FRETEENE A

%;‘-l-w-qh'f}'r

¥ T X kY g oy
.-..". _-* F&j? 1\:’_}_&@1’
0 S i"‘r* L A R ¥ T -
"'ﬂ- R T 4 4 o4 T [

L I BRI, B

oW oW ow R R R
e T e e e S

.
o+ -—

g e L o4 w
T 4o




18

17

16

15

13

12

11

10

Dose rate in Ljubljana (Chernobyl contamination 30.4.1986)
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lodine-131 in air in Ljubljana (Chernobyle contamination)
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Ljubljana - ground deposition

Bq/m?
Radionuclide Weapons tests Chernobyl
I-131 ? 100,000
Cs-137 5000 20,000
Sr-90 3500 400
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lonisation chambre RSS-112: Pripyat - sarcophagus - Ivankov (16.9.1999)
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Goiania (Brazil) - 1986
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Goiania - sealed source

% Teletherapy sealed source
* Cs-137 in the form CsCl
* A = 1400 Ci = 52 TBq

= Dose rate at 1 m: 4 Gy/h!
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Goiania -consequences

* 4 victims

e k4
K

pschological traums in population

]
K

extensive decontamination (300 man . years)

3500 m3 of radioactive waste

i
K

% 20 M US$ of direct expenses

- |
-




Dose cake (UNSCEAR 2000)

ingestion cosmic
(K,U,Th) radiation
12% 16%

external
radiation
(K,U,Th)
20%

inhalation

(Rn)
52%

Y = 2,4 mSv/year
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